Background: Several countries with long-standing salt iodization programs, including Switzerland, have recently reported declining andaor low urinary iodine (UI) levels in their populations. In Switzerland, in response to studies indicating low UI levels in children and pregnant women, the salt iodine level was increased in 1998 from 15 to 20 mgakg. Objective: Our objective was to evaluate iodine nutrition in a national sample of Swiss school children and pregnant women 8 ± 16 months after the increase in the salt iodine level. Design: A 3-stage probability proportionate to size cluster sampling method was used to obtain a representative national sample of 600 children aged 6 ± 12 y and 600 pregnant women. We then measured UI in both groups, thyrotropin (TSH) in pregnant women and thyroid volume by ultrasound to determine goiter prevalence in school children. Results: The median UI (range) of the children and pregnant women was 115 mgal (5 ± 413) and 138 mgal (5 ± 1881), respectively. The median blood TSH concentration (range) of pregnant women was 0.6 mUal (0.2 ± 2.1). Based on the current WHOaICCIDD normative data for thyroid volume, none of the children were goitrous, using either ageasex-speci®c or BSAasex-speci®c cutoffs.
Introduction
Several countries with long-standing salt iodization programs, including the US, the Netherlands, New Zealand, France and Switzerland, have recently reported declining andaor low urinary iodine (UI) levels among segments of their populations (Hollowell et al, 1998; Brussaard et al, 1997; Thomson et al, 1997; Valeix et al, 1999; Zimmermann et al, 1998) . Because dietary iodine supply is in¯u-enced by a number of commercial, agricultural and cultural factors, regular monitoring of iodine nutrition is necessary. Although the World Health OrganizationaUnited Nations Children's FundaInternational Council for the Control of Iodine De®ciency Disorders (WHOaUNICEFaICCIDD) has emphasized the importance of periodic monitoring and adjustment of salt iodine levels, few developed or developing countries have established regular and systematic programs (WHOaUNICEFaICCIDD, 1994; .
Iodized salt was introduced in Switzerland in 1922 and by 1952, iodized salt (3.75 mgakg salt) was available throughout the country. Periodic monitoring resulted in stepwise increases in the level of iodine in table salt, to 15 mgakg salt in 1980 (Bu Èrgi, 1998) . Although surveys in the 1980s found iodine status in Switzerland to be adequate (Bu Èrgi, 1998; Bu Èrgi et al, 1990) , in the 1990s, studies began to show marginal to low UI levels among school children and pregnant women (Zimmermann et al, 1998; Als et al, 1995; Truong et al, 1997; Mokhtech et al, 1995) . In a 1994 survey of pregnant women in Lausanne, the mean UI in the 1st and 3rd trimesters was 100 and 83 mgag creatinine, respectively (Mokhtech et al, 1995) , compared to the estimated requirement of 200 mgaday (WHOaUNICEFa ICCIDD, 1994) . In a 1997 study of 5 to 13-y-old children from the Zu Èrich area and the Engadine valley, median UI was 96 mgal Ð suggesting mild iodine de®ciency (Zimmermann et al, 1998) . Concerned that iodine intake in Switzerland was falling to levels associated with mild iodine de®ciency disorders (IDD), the Federal Government increased the level of iodine (as potassium iodide) in table salt to 20 mgakg in 1998. Although iodized salt use in Switzerland has always been voluntary and manufacturers must offer both non-iodized and iodized salt, it is estimated that 95% of table salt in the country is iodized.
However, it was unclear what effect this increase would have on Swiss iodine nutrition, as dietary habits and food supply patterns in Europe are changing. In industrialized countries, most dietary salt intake comes from processed foods (James et al, 1987) . Increasing imports of processed foods containing noniodized salt, combined with reluctance of export-oriented Swiss food producers to use iodized salt, has resulted in a signi®cant proportion of salt consumed in Switzerland being iodized at low levels (5 ± 10 mgakg) or noniodized (Bu Èrgi, 1998; Als et al, 1995) . In addition, responding to health guidelines, people may be gradually reducing their salt intake.
Therefore, the aim of this study was to evaluate iodine nutrition in a national sample of Swiss schoolchildren and pregnant women, in order to judge the effectiveness of the recent increase in the salt iodine level to 20 mgakg. To assess iodine status, we measured UI in both groups, thyrotropin (TSH) in pregnant women and thyroid volume by ultrasound to determine goiter prevalence in school children. This study was planned as the ®rst of a regular series of national monitoring surveys of iodine nutrition in Switzerland.
Subjects and methods
A 3-stage probability proportionate to size (PPS) cluster sampling method was used to obtain a representative national sample of 600 children aged 6 ± 12 y and 600 women in the 2nd and 3rd trimester of pregnancy. PPS cluster sampling is the recommended method for monitoring national salt iodization programs (WHOaUNICEFa ICCIDD, 1994) . The sample size was based on an estimated 35% prevalence of UI`100 mgal, a 95% con®dence interval for the true prevalence of UI`100 mgal, a design effect of 2, and a relative precision of 15%. Current census data was used to provide a systematic sampling of urban and rural communities based on the cumulative population.
In stage 1 of the sampling, 30 primary schools and 30 obstetric clinics were recruited using strati®ed random selection. If a school or clinic declined participation, a replacement was randomly selected from the same stratum. The proportion of pregnant women in Switzerland who receive their prenatal care in hospitals vs private clinics is approximately 1:2 (written communication, 1999, Swiss Society for Obstetrics and Gynecology). Therefore, we selected 10 hospitals and 20 private clinics. In the second stage, 2 classrooms were randomly selected from each school. Finally, the teachers randomly selected students to participate, and a clinic physician randomly selected pregnant women in their 2nd or 3rd trimester. An average of 20 subjects was sampled at each of 30 clusters. Data were collected between April and December 1999. Ethical approval for the study was obtained from the Swiss Federal Institute of Technology in Zu Èrich. Written consent was obtained from the community school boards and parents of the children, as well as the physicians. Oral consent was obtained from the pregnant women.
The height and weight of the children were measured using the standard anthropometric techniques (WHO, 1995) . For the measurements, subjects removed their shoes, emptied their pockets and wore light indoor summer clothing. Height was recorded to the nearest cm and weight to the nearest 100 g. Body surface area (BSA) was then calculated using the formula: weight (kg) 0.425 Â height (cm) 0.725
Â71.84Â10
74 (WHO, 1997) . For the pregnant women, week of gestation and use of vitaminamineral supplements were recorded. Thyroid gland volume was measured using an Aloka SSD-500 Echocamera (Aloka, Mure, Japan) with a 7.5 MHz 5 cm linear transducer (WHO, 1997) . Measurements were performed on subjects sitting upright with the neck extended. SH or MZ performed the ultrasound measurements. To estimate intra-and interobserver variability, SH measured 20 school children twice and MZ measured the same children once. The mean (s.d.) intra-and inter-observer errors were 4.9 (4.0)% and 3.7 (3.5)%, respectively. Thyroid volumes were compared to both ageasex-speci®c and body surface area (BSA)asex speci®c normative data for thyroid volume in children (WHO, 1997) . Spot urine samples were collected from children and pregnant women and stored at 720 C until analysis. UI was measured in duplicate using a modi®cation of the Sandell-Kolthoff reaction (Pino et al, 1996) . The CV of this method in our laboratory is 10.0% at 47.4 AE 0.6 mgal and 12.7% at 79.5 AE 0.8 mgal. Satisfactory agreement in UI was obtained on urine samples measured by our laboratory and the reference laboratory of the ICCIDD in Brussels, Belgium (unpublished). Urinary creatinine measurement was done in duplicate using a modi®cation of the Jaffe Â method (Clarke et al, 1961) . Whole blood obtained from venous samples was spotted and dried on ®lter paper and TSH was measured using immunoassay (Torresani & Scherz, 1986) .
Data processing and statistics were done using SPLUS 4.5 (Mathsoft, Seattle, USA) and SAS (SAS Institute Inc., Cary, NC, USA). UI, urinary iodineacreatinine ratio, and TSH were not normally distributed; the distributions by age, sex and trimester were skewed to the right. They were expressed as medians with ranges, and differences between groups were tested using the Mann ± Whitney test. Thyroid volumes in the children for each age and BSA group for both sexes were not normally distributed. They were expressed as medians with ranges, and differences were tested using the Mann ± Whitney test. P-values`0.05 were considered signi®cant.
Results
A total of 610 students aged 6 ± 12 y from 31 schools throughout Switzerland were studied. This represents approximately 1 in 1000 children in this age group in Switzerland (Bundesamt fu Èr Statistik, 1996) . The sample included 303 females and 307 males; mean age (s.d.) of the children was 9.5 y (1.9). A total of 511 women from 27 obstetric clinics were sampled; 206 women were in the 2nd and 290 in the 3rd trimester of pregnancy. For 15 women, information on gestational age was not recorded. Mean age (s.d.) of the women was 29.5 y (4.8).
Urinary iodine and blood TSH concentrations
Adequate urine samples were obtained from 600 out of the 610 children. The median UI (range) of the children was 115 mgal (5 ± 413). Overall, 39.5% of the children had UI`100 mgal and 8.5% had levels`50 mgal. The distribution of UI among the school children is shown in Figure 1 . Expressed per g creatinine, the median UI (range) was 123 mgag (22 ± 2256). There were no signi®cant gender differences in median UI; 35.2% of the boys and 43.9% of the girls had UI`100 mgal. There was also no signi®cant difference in median UI when 6 to 9-y-old children were compared to 10 to 12-y-olds. The percentage of children in the 6 ± 9 and 10 to 12-y-old age groups with iodine levels below 100 mgal was 38.4% and 40.6%, respectively.
The median UI (range) in the pregnant women was 138 mgal (5 ± 1881). Expressed per g creatinine, the median UI (range) was 207 mgag (5 ± 4216). The distribution of median UI among the pregnant women is shown in Figure 2 . There was no signi®cant difference in median UI when comparing women in the 2nd and 3rd trimester. Although 70% of the pregnant women were taking a daily multivitamin-mineral supplement, only 13% were taking a supplement containing iodine (150 mg iodide as KI). There was a signi®cant difference in median UI between women taking an iodine-containing supplement (n 64) and those not taking an iodine-containing supplement (P 0.023); the median UI (range) in these 2 groups was 194 mgal (31 ± 990) and 130 mgal (5 ± 1881), respectively. The median blood TSH concentration (range) of the pregnant women (n 396) was 0.6 mUal (0.2 ± 2.1); only 3 women had borderline elevated values (1.9 ± 2.1 mUal).
Thyroid volumes and goiter prevalence
Based on the current WHOaICCIDD normative data for thyroid volume, none of the children were goitrous, using either ageasex-speci®c or BSAasex-speci®c cutoffs (WHO, 1997) . We also determined the goiter prevalence in our sample using the older normative data proposed by Gutekuns & Martin-Teichert (1993) , and found a prevalence of 3.9% (n 23). There were signi®cant gender differences in median thyroid volume (P`0.01) only at age 12 y, when females had a median thyroid volume 17% greater than males. By BSA, signi®cant differences (P`0.05) between females and males were found only when BSA was b 1.4 m 2 . At a BSA of 1.5 and 1.6, females had a median thyroid volume 9% and 10% greater than males, respectively. We have recently published a detailed description and comparison of our thyroid volume data with the current WHOaICCIDD-recommended reference data (Hess & Zimmermann, 2000) .
Discussion
We used schoolchildren and pregnant women as our target groups for IDD surveillance (WHOaUNICEFaICCIDD, 1994) . A strength of our study design was the use of a biological indicator of iodine status Ð thyroid volume in children and TSH in pregnant women Ð in addition to UI. Indications of an iodine-suf®cient population include a median UI ! 100 mgal in school age children, with no more than 20% of samples below 50 mgal (WHOaUNICEFaICCIDD, 1994) . Because this study was done in the summer and fall months, UI was likely measured at a low level in its seasonal variation. Iodine intake tends to be higher during winter months in Switzerland due to higher levels of iodine in cows' milk from feed additives used during wintertime (Scha Èllibaum, 1991) . Despite this, the median UI in the school children was 115 mgal and only 8.5% had levels`50 mgal, indicating iodine suf®ciency.
The estimated requirement for iodine during pregnancy is 200 mgaday (WHOaUNICEFaICCIDD, 1994) . In the pregnant women, the median UI was 138 mgal and, expressed per g creatinine, median UI was 207 mgag. Urine volume increases during 2nd and 3rd trimester and the turnover of iodine by the thyroid is estimated to be 60 mgaday in adults (and may be higher during pregnancy). Therefore, the median UI and the UI expressed per g creatinine in these women suggests their iodine intake is suf®cient. Women taking an iodine-containing supplement daily (150 mg) had signi®cantly higher median UI compared to women taking a supplement not containing iodine, and those not taking a supplement. These results suggest that 150 mg iodine per day as supplemental KI can signi®cantly increase UI during pregnancy. TSH was measured as an additional potential indicator of iodine de®ciency. Although generally not suf®ciently sensitive to detect mild iodine de®ciency in adult populations, it can be valuable as an indicator of early hypothyroidism in areas of moderate to severe iodine de®ciency, including in pregnant women (Dunn, 1998) . Less than 1% of the pregnant women in this study had borderline elevated blood TSH values. Taken together with the UI data, this suggests that the iodine nutrition of Swiss pregnant women is suf®cient.
We have reported UI both in terms of concentration (mgal) and per g urinary creatinine. Reporting iodine excretion per g creatinine minimizes variation caused by differences in urine volume and dilution among subjects (Bourdoux, 1988) . However, creatinine excretion varies with nutritional status (Delange, 1999) . While low creatinine excretion in areas of undernutrition may mask iodine de®ciency, high creatinine excretion in af¯uent, well-nourished populations (such as Switzerland) may overestimate the number of individuals classi®ed as at risk for iodine de®ciency disorders (IDD). In the children in this study, UI results were comparable whether reported as concentration or per g creatinine. Because the measurement of creatinine entails additional costs, our ®ndings support the position of the WHOaUNICEFaICCIDD, which recommend the use of median UI in mgal to monitor iodine status in a population (WHOaUNICEFaICCIDD, 1994) .
To determine goiter prevalence in this study, we used normative thyroid volume data from WHOaICCIDD (WHO, 1997) . Because the WHOaICCIDD reference cut-off points are the 97th percentiles of thyroid volume in iodine-suf®cient European children (Delange et al, 1997) , applying the WHOaICCIDD references to this population of iodine-suf®cient Swiss children should yield a goiter prevalence of approximately 3%. However, using either the ageasex-speci®c or the BSAasex-speci®c WHOaICCIDD cut-offs, there were no goitrous children in our sample. Because the WHOaICCIDD normative data have been recently challenged and may be too high (Hess & Zimmermann, 2000; Delange, 1999) , we also determined the goiter prevalence in our sample using the older normative data proposed by Gutekunst & Martin-Teichert (1993) , and found a prevalence of 3.9%. One indication of iodine suf®ciency in a population is a goiter rate`5% in school age children (WHOaUNICEFaICCIDD, 1994) . Together with the median UI of 115mgal, the goiter rate of 0 ± 3.9% indicates Swiss school children are now iodine suf®cient.
To ensure the continued success of an established salt iodization program, regular monitoring of UI and, when indicated, other biological measures of iodine nutrition is critical. As shown in this study, periodic surveillance and prudent adjustments to the iodine level in salt has maintained adequate iodine nutrition in Switzerland. This study was planned as the ®rst of a series of national surveys which will monitor iodine status in the Swiss population every 5 y. Current Swiss legislation is¯exible in that it speci®es a range of 20 ± 30 mgakg for salt iodization. Federal decree can quickly adjust the level based on new scienti®c evidence without the need for a lengthy parliamentary process (Bu Èrgi, 1999) . This approach could serve as a paradigm for other countries struggling to maintain dietary iodine intake in the face of shifting dietary habits and changes in the food supply.
